A thorough and exhaustive review of relevant literature and associated works is carried out to critically examine energy poverty in Nigeria with respect to ownership and income. Using the desktop approach and empirical formulas, the persistent failure of public infrastructure like healthcare, education and security to the poor electricity generation, transmission and distribution capacity in the country is examined; alongside current government contribution to buoying our generation capacity and electricity access through policies and investment. The findings of the review reveal the urgent need for the smart roll out of distributed generation units in order to stimulate and encourage the ongoing diversification of the economy and also the need for a sustainable road map that incorporates the successes of countries faced with similar challenges. This review paper also proposes the need for palliatives in form of subsidized solar home systems (SHSs) through a sustainable and economically viable means for off grid homes to assuage the effects of non-availability of grid electricity.
Introduction
Previous and ongoing literatures have to a large extent presented the state of electricity capacity generation, transmission and distribution in sub-Sahara Africa (SSA). It has been severally posited that there are over 1 billion people worldwide without access to electricity, with about 85% of them residing in rural areas in SSA and South Asia [1] [2] [3] . The role of energy, though not expressly stated to the success of the Millennium Development Goals (MDGs) was generally established at the World Summit on Sustainable Development (WSSD) held in South Africa in 2002 [4] . It is a common fact that lack of access to modern energy sources has been opined to impede economic and societal development [4] [5] [6] , thus, the provision of electricity to residents of developing countries is an incentive for improved economic and social development [7, 8] .   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 The inter-relationship between energy and poverty which has been established [9] [10] [11] has been shown to be the primary problem of energy security, affecting mostly women and children of developing countries [12] . While high poverty prevalence is known to affect the energy consumption pattern of households, their access to clean and reliable energy is believed to aid in alleviating poverty as increase access to energy allows for more growth economically [13, 14] .
Energy poverty therefore for the purpose of this work is defined to be the lack of access to electricity [15] , leading to dependence on biomass for meeting cooking and heating needs, a view further corroborated and established as being prevalent in developing countries especially in SSA and Asia [3] .
The essentiality and importance of energy to sustainable development [16] and its centrality to modern life notwithstanding, there has been no guaranteed and sustained universal access to energy (electricity) especially in developing countries. For instance, only 13% of the population of Burma is opined to have access to electricity [17] which pales when compared to the over 80 million Nigerians without access to electricity. This lack of access to electricity is further established by the high percentage of such countries population living in rural communities and below the poverty line. A World Bank r at an alarming 62% (in strictly per capita terms) with another report putting the rural population at 66.67% of her official population [18, 19] .
Solutions have been proffered for improved electricity access and delivery to Nigerians. These range from policy change/development [14, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] , increased government investments [20, 29] , diversification of energy base (to accommodate renewable energy sources) to smart grids [14, [19] [20] [21] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] , embedded (distributed) generation [14, 19, 20, 23, 25, 26] , advanced metering infrastructure etc. These arguments have also basically established energy security, economic growth and carbon emission reductions as underlying factors for a more improved electricity network. However, these proffered solutions have not been able to justify the seemingly low electricity per capita of Nigeria when compared to other SSA, Asian and OECD countries.
The importance of this work
This work therefore seeks to show statistically and through related literature a justification for the low electricity per capita of Nigeria, linking it to income and ownership. It is also further proffered in this work that for an increased electricity access and economic growth, a better solution to large/medium distributed generators. This work further critiques some generation highlighting vis-vis the prevailing economic recession and difficulty in accessing foreign exchange (FOREX).
The rest of the paper is organized as follows: Section 2 presents some statistics about Nigeria.
Section 3 briefly presents the history of electricity generation in Nigeria. Section 4 presents and evaluates the electricity povert poverty are presented in Section 5 while a review of the key renewable energy sources being exploited in Nigeria is presented in section 6. A way forward through the renewable energy master plan (REMP) alongside its supporting structures technology, skilled manpower, incentives, financing etc. is presented in section 7 while an unconventional mini-grid roll out is proposed in section 8. The paper is concluded in section 9.
Basic statistics about Nigeria
Nigeria lies in the west coast of Africa and occupies a land area of about 923, 768 km 2 [33] as seen in Table 1 . It is also observed from the Table 1 that Nigeria is made up of 36 states grouped into six geo-political zones and one Federal Capital Territory (FCT) as shown in Figure 1 . It is further observed from the Table 1 that about 51% of the in the urban areas with about 51% of the population made up of males.
Growth rate
With an estimated growth rate of about 3.2 percent per annum and an average population density of about 150 people per square kilometer, Nigeria is the most populous nation in Africa and the seventh most populous nation worldwide [33] . In meeting her electricity needs are eleven distribution companies (DISCOs) unbundled from the now defunct Power Holding Company of Nigeria (PHCN). Their zone of coverage is depicted in Figure 2 .
Sample states of interest
In providing a detailed approach to pertinent issues that contribute to the energy poverty crisis issue in Nigeria, inferences would be drawn from the Federal Capital Territory (FCT) and three representative states from each geo-political zone in the country as shown in Table 2 . This thus implies that eighteen states (representing about 50% of the total states in Nigeria) and the FCT would be used as basis for drawing inferences and making recommendations. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 2.3. Average household sizes Tables 3 and 4 present the average household size of houses in both the rural and urban areas of the representative states, FCT and Nigeria as a whole. It is observed from the Table 3 that the average household size of northern states is considerably higher than the southern states for both urban and rural households. Religious belief and the high illiteracy level could be attributed to such occurrence. Edo and Delta States as observed from the Table 3 present the lowest household sizes for both rural and urban households and on average. Figure 3 .
Households grid connection
Severally established is the worrisome condition of low grid connection of households in total population are currently connected to the grid [29] . This view is further exacerbated when SSA is considered as about 585 million people have no access to electricity with about 85% of those without access to electricity living in rural areas [28] . Figure 4 It can also be easily deduced from the Table 5 the poor penetration of rural electrification projects in buoying electricity access in the country considering the fact that its use is not common among states of the federation.
This fact is also corroborated by the dismal outing of solar panels in generating electricity for households. With the huge deficit created by the inability of the national grid to effectively outcry to the insidious effects of fossil fuel based electricity generation methods and a shift from the conventional centralized system of electricity generation to a decentralized generation system, attention is now being focused on alternative energy sources especially renewables in diversifying the electricity generation base for the purposes of security and reducing climate change [34, 35] .
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Furthermore, in assisting with the unbundling of PHCN into its successor companies, government has put in place the Nigerian Electricity Liability Management Company (NELMCO) to take over the stranded assets and liabilities of PHCN and the Bulk Trader (NEBT) to act as a broker between the power producers and distribution companies (DisCos) [29, 36, 37] .
Electricity generation, transmission and distribution
The unbundling of PHCN and its reorganization and privatization has resulted in 6 GenCos, 1
TransCo and 11 DisCos. Under the Renewable Energy Master Plan (REMP) which was produced in 2006 with its overall objective being to articulate a roadmap for national development through the accelerated development and exploitation of renewable energy (RE), the short, medium and long term targeted contribution of RE is shown in Table 7 . The distribution of electricity in Nigeria is handled by the DisCos. Table 8 
Energy (electricity) poverty in Nigeria
The concept of energy poverty in Nigeria has been severally dissected and studied by researchers as earlier pointed out. To further buttress earlier cited literature, it is estimated that about 15.3 million households lack access to grid electricity with supply being erratic for those connected to the grid. Table 9 shows the average number of interruptions on the Nigerian grid between Jan 2008 and December 2004 just before the enactment of the EPSRA. The continued growing trend in the poverty incidence in Nigeria is also presented in Table 10 which shows the poverty growth in Nigeria for selected years from 1980 to 2010. A strong correlation is observed from the Table   10 between the growing population and the growing poverty incidence. This growing poverty level and low grid connection has thus led to a gradual shift in the usage of electricity (from grid supply) for cooking to heavy dependence on firewood. It is estimated that over 72% of the countr depending on firewood for cooking. these figures into their respective daily and hourly per capita electricity consumption is shown in 
A cursory look at the data presented in Table 13 shows that the hourly electricity unit available to the consumers in the different distribution zones is quite low. Table 14 the high percentage of access of households to radio and mobile phones among the selected states. This high access no doubt can be traced to the cheapness of radios and its availability in different forms spanning from stand-alone transistor radios to mobile phone incorporated radios. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 The high accessibility of households to mobile phones can also be linked to the high proliferation of cheap competitive brands offering same services as main brands with fairly lower quality materials. A breakdown of the access to radio and mobile phones at the rural and urban level shows that about 95.2% of households in the urban areas have access to radio compared to 90% of households in rural areas. Similarly, 93.5% of urban households compared to 65.8% of rural access can be linked to the purchasing power and level of enlightenment of the residents. It is also observed from the Table 14 the low varying (moderate) access of households to television and the PC. While there seems to be a high percentage of households that have access to television from the south, the percentage of households in the north having access to television pales when compared with the statistics from the south. The purchasing power coupled with the low enlightenment of household residents may be a reason for this. While Table 14 highlights the access of households to the considered electrical appliances, Table 15 gives a level based categorization of households based on their collection of basic electrical appliances.
4.3.
Categorization of consumers based on ownership
Earlier argued was the fact that the hourly electricity energy available for consumers in the different DISCO zones was grossly inadequate if it were to be taken statistically. In order to justify this statement, a load categorization of households based on ownership (not access) of basic electrical appliances is shown in Table 15 . It is observed from Table 15 Three basic households based on range of consumption can easily be deduced from the Table 15 .
They include:
The base energy consumers
This is made up of all households whose maximum electricity consumption on hourly basis lies between 0 100 Wh. They can also be further divided into the following; The entry level base energy consumers: made up of all households whose maximum electricity consumption on hourly basis lies between 0 40 Wh; the Middle level base energy consumers: made up of all households whose maximum electricity consumption on hourly basis lies between 40 70 Wh and the maximum level base energy consumers made up of all households whose maximum electricity consumption on hourly basis lies between 70 100 Wh. If an average of 10 hours of continued electricity usage (100 W) is assumed at 0.8 demand factor (df) and consumption is totaled over a 30-day period, the total electricity consumed is estimated to be about 24 kWh.
From Table 16 , these households fall under the R1 category as classified by the National Electricity Regulatory Commission (NERC) for the Multi-Year Tariff Option (MYTO). At N4
per kWh of electricity consumed, total monthly expenditure by these households falls short of N100 (N96 about US$0.31 at US$1 = 305 Naira 1 ).
On the contrary, if the value of hourly electricity units available for consumption by households is taken to be the hourly per capita value for 2008 (taken from A consequence of the above implies that all the states listed above (Oyo, Rivers, Kano and Lagos) will be able to support the entry level base energy consumers, Lagos and Oyo (to some extent) will be able to meet the electricity needs of the middle level base energy consumers while only Lagos State will be able to meet the electricity needs of the maximum level base energy consumers.
The medium energy consumers
This represents all households whose hourly electricity consumption lies between 100 Wh and 500 Wh. Just like the base energy consumers, these can also be further sub-classified into three groups namely; The entry level medium energy consumers: made up of all households whose electricity consumption is between 100 150 Wh; the sufficient level medium entry consumers:
made up of all households having hourly electricity consumption between 150 350 Wh and the luxury level medium energy consumers where the households have hourly electricity consumption between 350 500 Wh. For the states considered (including those of interest), only
Lagos State and the FCT may be able to meet the electricity needs of the entry level medium energy consumers with Lagos State being able to meet part of the electricity needs of the sufficient level medium entry consumers. No state including the FCT may be able to meet statistically the electricity needs of the luxury level medium energy consumers.
4.3.3.
This group represents all such electricity consumers whose hourly electricity needs surpasses 500
Wh. With sufficient income, they are able to acquire certain basic electrical appliances (considered luxurious under the rural setting owing to income level) that offer them a higher standard of living. Table 16 presents the classification of electricity consumers based on value of consumption (as a result of ownership of electrical appliances) by the National Electricity Regulatory Commission (NERC). It is easily observed from the Table 16 two broad classes R1 (customers whose electricity consumption is below 50 kWh per month) and R2 (customers whose electricity consumption exceeds 50 kWh on monthly basis). Generally, R1 customers typically have one fan, one radio and about 2 3 light bulbs (C1+C3+C5). Majority of households (in the urban areas) fall under this category. It is also observed from the Table 16 the absence of fixed monthly charge (Mfc in Naira) and a flat rate electricity price per unit (Pu in N/kWh) of N4 for the R1 customers.
Review of relevant energy poverty literature
There have been enormous contributions in terms of literature detailing suggestions, results from simulations and actual experiments carried out, policy contributions etc. by authors to the (electric) power sector and its reforms in Nigeria (and developing countries). Table 17 details a review of some of these articles and their potential contribution to the problem of energy access in Nigeria (and developing countries). Reiterated from the Table 17 is the fact that energy poverty is enormous and far supersedes that of other African countries. As can be seen from the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 electrified residents (2005 estimates). It is also observed from the Table 19 that Egypt, South
Africa and Algeria all have land areas bigger than that of Nigeria thus eliminating land size and terrain as reasons for low grid connection especially in the rural areas.
Installed versus generated capacity scenario
A major contribution to the low per capita electricity as already computed for Nigeria is the widening margin between generation installed capacity and its capacity utilization in terms of generation. Table 20 presents the installed capacity, generated electricity and utilization of the electricity sector in Nigeria. A steady growth of the installed capacity of the Nigeria power sector can be observed especially during 1990 when about 1000MW in terms of installed capacity was added to the generation sector. The steady increase in generation capacity nonetheless, there was a marked and upward trend in the distribution losses owing mainly to aging conductors, vandalism and thefts. The distribution loss peaked at 47% (year 1996) before crashing to about 9% (in 2008) [25] . Figure 7 presents an illustrative view of the increment in installed capacity and a comparison between the net generation and the distribution loss.
It can thus be inferred from the Table 17 and from preceding authors considered in this review work that the conventional means of electricity generation for Nigeria (fossil fuel based generation) and the centralized means of electricity generation would no longer be able to facilitate an aggressive electrification of distant communities and foster industrialization.
It is thus argued that with the growing trend as regards the widening disparity between installed generation capacity and generation utilization; there could be a worsening of the electricity per capita for Nigeria considering the projected electricity demand (from the REMP) under four economic growth scenarios (7%, 10%, 11.5% and 13%) between 2005 and 2030 as shown in Table 21 and Figure 8 .
The distribution of available electricity among the various sectors for Nigeria shown in Table 22 is thus a basis for serious concern and research focus considering the low allocation to the industry sector.
5.
Having successfully presented the energy (electricity) scenario in Nigeria, it is important to note the following:
I. The idea of having a generalized value for the electricity per capita for Nigeria does not
give a true and holistic view to the huge disparity in grid (electricity) access in Nigeria.
As earlier pointed out, a huge percentage of households in the northern part of Nigeria are not connected to the grid compared to states in the south. Although, it has been generally stated that the terrain and huge costs of grid expansion especially to the northern rural areas have been underlying reasons for this, however, Egypt and Algeria with similar and worse terrains and with larger land areas than Nigeria, have a greater percentage of their population electrified.
II. About 70% of Nigerians are poor. With extremely low income and increasing costs of goods and services, households income is thinly spread among competing needs leaving almost nothing for electricity grid payment if any. Figure 9 shows the household energy use profile for urban areas. It is observed from Figure 9 that firewood usage has the highest at 56% followed by kerosene (27%) and charcoal (6%). The distribution of firewood dependency within Nigeria as seen in Figure 10 shows that it is mostly used in the north for cooking purposes compared to households in the south.
III.
The need for electricity (and increased electricity consumption) is based solely on electrical appliances. As earlier shown in the electrical appliances categorization, R1
category under which the rural poor fall can have at most a phone, transistor radio, 2 lighting points and a table/ceiling fan. With the mobile phone and transistor radio being common and the lighting points likely possible, the table/ceiling fan may be a luxury for most considering its initial purchase cost (US$6.56 US$14.75 at US$1/N305) 2 .
IV. The huge disparity between installed capacity and utilization (net generation) means industries and households have to resort to self-generation. In a 2009 report, selfgeneration from diesel and petrol generators was conservatively estimated at a minimum value of 6000 MW. It was further estimated in the report that the poor without access to electricity pay as high as N80/kWh burning candles and kerosene. V. The huge losses recorded on our transmission network which at a time peaked at 47% of total generation implies that just about 50% of generated electricity is available for distribution to grid connected households. This results in low income by the distribution companies and low or no return on investments (ROI) leading to reduced incentives (in terms of increased financing) for an aggressive rural push.
VI.
The absence of an overarching pro-poor policy from the DisCos [42] due to lack of comprehensive customer enumeration [43] prevents DisCos from evolving sustainable and economically viable electricity distribution initiatives that ensure protection of the very poor customers and high return on investment (ROI). This has resulted in 29% of connected consumers opting for disconnection from the national grid in a recent survey [42] .
6.
Very briefly in this section, solar, wind and hydro potentials are to be discussed. The discussion ranges from a general overview of their measurement and applications/ongoing utilization projects (if any) in the country.
Solar energy
Nigeria lies between latitude 4 0 N and 14 0 N and is endowed with sufficient solar radiation [44] making solar photovoltaic (PV) attractive as a source of electric power to providing basic services such as lighting, powering a remote village (village electrification), generating power for rural clinics and [public] schools, vaccine refrigeration, traffic lighting and pumping of clean drinking water [38, 45] . Also, renewable energy sources (like solar) are becoming much sought after due to their low carbon emissions and the eco-efficient solutions they can provide for developed and developing countries [34] . With average sunshine duration of about 6.25h/day and an annual average solar radiation of about 5.25 kW h/m 2 day, Nigeria possesses enormous solar potentials that can be utilized for cooking, heating and drying [44, 46] . It is also observed from Table 23 the minimum, maximum and mean variation in solar radiation potential for the different months in Nigeria. This is further described pictorially by the Figure 11 where the minimum, maximum and mean plots for yearly solar radiation potential (kW h/m 2 day) for Nigeria is shown. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 The solar potential inherent in Nigeria is further corroborated in [46, 47] Observed from Table 24 is the proposed target of the REMP on the contribution of solar PV and solar thermal to the electricity generation capacity of Nigeria.
Some pilot schemes/projects undertaken by the Energy Commission of Nigeria (ECN) and other research bodies utilizing/harnessing solar energy potential are shown in Table 25 . It should be noted that most of the projects considered are situated in the northern part of Nigeria.
Furthermore, it is estimated that the installed solar PV capacity in Nigeria is in excess of about 350 kWp.
6.2.
Wind energy
While much work has been done on wind energy potential in Nigeria, its potentials have yet to be fully harnessed in the country. The 5 kW aero-generator used to supply electricity to Sayya
Gidan Gada Village in Sokoto is one of the examples of wind projects in Nigeria.
Small hydro
The potentials of small hydro projects in Nigeria are presented in table 26. It is easily observed from the Table 26 Table 27 .
The way forward
In a recent work by [48] , the concept of load partitioning was proposed as a viable means to increasing the penetration of solar energy in Nigeria. However, while it can be agreed with the authors that lighting has the highest impact on the quality of life of Nigerians, we disagree with the proposed load partitions being adopted by the authors considering that a majority of the electrical equipment considered in the various classes are only available to a few of the urban population and scarcely available throughout rural households, a position justified by the ownership of electrical equipment by Nigerians and the poverty index in Nigeria. Similarly, the idea of deploying SHS based on pre-classified load partition forces consumers to remain at a level due to the often huge costs of upgrading. This way, growth and productivity are discouraged since status and comfort cannot be increased.
Critically argued and established has been the fact that the backbone to the success of any electrification policy thrust by a government is the collection of sound statistical data which is useful in effectively mapping out the electrification needs of the country. In providing solutions to the problem of energy poverty through the deployment of DG, we critique exhaustively while juxtaposing available and prevailing government policies within the REMP with that of select countries in Asia.
The REMP
The REMP which details the exploitation of RE in the country is yet to be fully backed up by law. A thorough examination of the policy shows that in the short term, RE contribution to total generation is targeted at 13% of total installed capacity of 16 000 MW. While this may sound energy electricity generation as at 2010 in addition to its 99% electrification rate. China also has witnessed a significant growth in the penetration and deployment of RE especially wind with its installed capacity increasing from about 28 MW in 1996 to about 42 GW in 2010 to become the to the Renewable Energy Law of 2005, there has been an aggressive push by the government in increasing the contribution of renewable energy to its energy mix. Furthermore, China has ensured by consistent long term national goals ensured by means of exemptions, tax rebates, credit guarantees, preferential pricing etc.
achieving sustainable development and provides a viable road map to achieving this vision with RE. It further envisions a Nigerian economy gradually morphing from a monolithic fossil economy to one driven primarily by an energy base having a large mix of RE that are fully exploited in quantities and at prices that can promote the achievement of an equitable and 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 sustainable growth profile [47] . However, several factors seem to impede the full maximization and exploitation of the REMP in Nigeria. A few of them are highlighted subsequently.
Technology
A sustainable approach to the dispatch of DGs in remote/off grid communities therefore calls for specific deployment since not all electrification policies target rural households. Other considered customers could be farmers, small or large communities, fishing communities etc. all of which require different technologies. It will thus be important to exploit the best and optimal technology platform that will maximally suit the considered community based on prevailing RES available in the area, the potential of the available RES, cost of setup and long term benefits, the feasibility of hybrid options, the demand profile of the community etc. rather than a one size suits all policy. Similarly, the deployment of the appropriate DG should also be poised to accommodate future increased demand and interconnection with other systems. The smart and sustainable deployment of appropriate DG has led to 100%, 99%, 99% and 89% electrification rates in Singapore, Malaysia, Thailand and Vietnam [49] . Other modern trends like demand side management (DSM) 3 should be adopted to help reduce the operational costs of RE integration
[50].
Skilled manpower
The importance of a skilled workforce capable of handling RE, its operation, utilization and integration with consistent standards and procedures cannot be overemphasized. In recognizing that the development of industrial skills is one of the most critical issues facing Nigeria today, the Nigeria Industrial Revolution Plan (NIPR) aims at addressing this especially the Technical and Vocational Education (TVET) by matching industrial skills development to industry needs and enhancing industrial skills development levels to minimum international standards [51] .
While this is a good plan as it aims at positioning the country to be among the most developed 20 countries by 2020 (the vision 20:2020), instability in government owing to the recent transition 4 in leadership of Nigeria means such lofty plans may be shelved or abandoned. It thus becomes necessary that the core responsibility of developing capacity as regards manpower skills be shifted solely to institutions backed up by law running independent of current government but 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 having policies in tandem with national development. Also, such institutions should have their funding consolidated (backed up by law and separate from the executive arm of government).
stifling of funds.
Incentives
The cost of electrification, especially off grid communities and rural areas is a huge one. As a capital intensive project as such, the support of government is essential to the development of a successful electrification plan (whether rural or urban) as a successful electrification program will need long term strategic planning coupled with financial resources for a smooth implementation, maintenance and repairs etc. in the long run. While the participation of the private sector cannot be overemphasized especially in the electrification of far and remote villages through the deployment of stand-alone systems, government intervention in defraying (or subsidizing) some initial costs like connection (including wiring), metering and initial purchase would not only empower the consumers to adopt the new technology being proposed but also provide an enabling and thriving market for the private sector.
In Kenya for example, there is tax exemption for all imported LED-lighting equipment and solar components thus encouraging the local assembly of solar products and solar pico-powered lighting system (PLS). Similarly, the implementation of a 45% subsidy on all solar equipment as part of its energy for rural transformation (ERT) program has encouraged suppliers of solar equipment to invest in rural areas. In reducing the cost of purchase for PLS equipment, the Ethiopian government has put in place policy that provides for the exemption of solar equipment from inland duties and surtaxes [52] . The Nigerian government could borrow a leaf from these countries in providing competent policy measures that would encourage the proliferation of RE by highly subsidizing renewable energy technologies (RETs) and exempting them taxes. This would definitely force a drastic reduction in their prices and encourage consumers to consider them as viable alternatives since the technology transfer cost would have been eliminated or at best lowered.
Private sector participation
The importance of the private sector in buoying the penetration of RETs cannot be 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Finance Corporation (IFC) has led to the provision of solar lanterns to about 200, 000 rural women members in Gujarat. This was made possible by loans (between US$ 100 US$ 150)
provided by IFC through SEWA to the women at about 16% interest rate with a manageable and flexible monthly repayment plan. The Women Enterprise Development Institute (WEDI) in Kenya was similarly responsible for the distribution of lighting products to its members and the collection of payments. The payroll financing scheme was also instrumental in the provision and distribution of PLS and solar lanterns to employees of the Andhra Pradesh State Transport Corporation (APSTC) in India [53] . Government should as a matter of priority mandate employees at its ministries, departments and agencies (MDAs) to have co-operative societies and provide for their registration. These co-operatives should be tasked with keying into the government s vision for RE by encouraging the proliferation of RETs among its members.
Rather than acting as a repository of funds for supporting less meaningful and unsustainable projects, accumulated funds should be used in accessing larger funds or backings to purchase these RETs at even cheaper prices. Furthermore, rural enlightenment and campaign programs are to be sponsored by government and private organizations educating the rural folks on the benefits of forming co-operatives and registering same with the government. This way, huge funds could be accessed even in very remote locations.
Unconventional Mini-grids to the rescue
The REMP which has been exhaustively critiqued was among other things poised to:
Gradually move the Nigerian economy from a monolithic fossil economy to one that is driven by an increasing share of renewable energy.
Exploit renewable energy in quantities and at prices capable of promoting the achievement of equitable and sustainable growth.
Encourage the transition from crude oil to a less carbon intensive economy that depends on an increasing contribution from gas and renewable energy.
Furthermore, a cursory look at the projections in the short, medium and long term for the development of generation capacity shows that more emphasis is placed on hydro-electric power (HEP) compared to other RE sources. A demerit of this is based on the fact that increasing the generation capacity would not literally translate to an increment in available power owing to the inability of the existing transmission network to wheel out additional capacity beyond 4, 800
MW which is the current wheeling capacity of the transmission network [54] . Additionally, the current economic recession which Nigeria is currently going through and the difficulty in sourcing for FOREX make it almost near impossible for any meaningful work to be done on improving the transmission network which is estimated to cost around US$8 billion. Frugal and more economically viable options are thus needed in increasing access to the off grid rural communities.
Mini-grids (a form of decentralizing electricity supply) have been instrumental in increasing access to electricity in most rural and off grid communities in sub-Saharan Africa and Asia.
Mini-grids in addition to expanding grid access are also economically viable in view of innovations and declining costs. However, there is a need for an immediate deployment of palliatives to off-grid rural communities to stimulate and fast track economic development pending the resolutions of conflicting contractual and funding issues hampering decentralization initiatives. A ready solution that has been tested and is increasingly being deployed across homes in many rural off grid communities in Africa and Asia is the solar home system (SHS). In proposing its deployment, the following steps are further suggested to be taken to ensure the sustainability of the project.
Energy classification of off grid rural households
As shown in section 4.3, the classification of rural households (based on ownership) reveals the following classes:
The Entry Level Base Energy Consumers (ELBEC)
The Medium Level Base Energy Consumers (MLBEC)
The Maximum Level Base Energy Consumers (MxLBEC)
The Entry Level Medium Energy Consumers (ELMEC)
The Sufficient Level Medium Energy Consumers (SLMEC)
The Luxury Level Medium Energy Consumers (LLMEC)
The Overlords (OL)
Classification of Solar Home Systems (SHSs)
The classification (energy supply rating) of the SHSs is done in such a way as to reduce wastage. This is achieved through the wide margin across the various proposed SHS models and the cost of upgrading from one energy level (class) to another. Thus, home-owners aim to fully maximize purchased SHS by increasing ownership of necessary electrical appliances that contribute to an 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 improvement in their quality of life (QoL). Funds are only released to the service providers based on approval from the PTFP. A key addition to this proposed model is the use of independent assessors (IA) and field support officers (FSO). While the independent assessors are meant to assess the performers of the deployed SHSs to the households vis-à-vis its contribution to the QoL of households and further assess the performance of the service providers to quickly resolving technical and other related problems as raised by the households, the field support officers are expected to liaise more frequently between the households and the service providers. As an interface, they are expected to provide support to the households by ensuring that every household is carried along.
The Table 28 shows the ability of the proposed classified SHSs to meet the electricity requirement of the various home classes while the Table 29 depicts the additional capacity (in terms of electrical appliance ownership) that houses need to acquire/drop to move between various SHSs. A strong argument for this classification of the SHSs system is to prevent wastage and indiscriminate usage of electricity by home owners a fact rightly observed in [56] .
Conclusion
The importance of energy (electricity) has been explicitly shown to be a driver of any economy [57] [58] [59] . This work has addressed the energy (electricity) poverty in Nigeria by critically examining the generation, transmission and distribution of electricity. It has been shown that with current policies and existing infrastructure on ground, government is not poised to shown to vary across the states in the country. Low grid connections in the northern states have been attributed to the high poverty index in the state and low economic activity in the northern region. This has further translated to low literacy levels and poor healthcare delivery. Rather than being conventional and addressing the problems of transmission and distribution, embedded generation is being proposed as a quick, efficient and viable approach to addressing the problem of energy (electricity) poverty. It has been shown that distributed generation technologies provide an avenue to tackle electricity per capita at regional levels rather than at the national levels and is also the best solution at fully exploiting renewable energy sources.
In improving electricity access to rural and off grid communities the critical role of government has been emphasized from creating an enabling environment to finance, policy and regulations.
Private partnerships have also been seen to be indispensable as they exploit the prevailing energy crisis scenario turning it into business opportunities as have been done by the BUC, SPDC, and NAOC in Nigeria. The issues of grid code connections have been left out in this discussion as the export of electricity/grid interconnection of electricity from these proposed DGs to other communities is not envisioned for now considering that the exploitation in the short to medium term is targeting self-sufficiency and a zero import situation. However, existing transmission codes in Nigeria utilize the standard 11 kV, 33 kV, 132 kV or 330 kV. Grid interconnection on a regional or national basis would thus further define the types of transformers that should be purchased and the nature of the transmission station that should be built considering line losses and conductor types. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Furthermore, the role of solar home systems (SHSs) as palliatives to assuaging the impact of non-availability of electricity to most rural off grid communities has also been examined. In proposing SHSs roll out, a sustainable scheme that is also economically viable has been proposed. While the SHS is not meant to obviate the need for a more comprehensive solution to electrifying these communities, it is however meant to in the short term induce and stimulate economic development which is urgently needed to fast track diversification of the economy and nip the rising inflation and recession the Nigerian economy is currently experiencing. This is helpful for preserving the small scale businesses and empowering vulnerable business owners with means to remain afloat and cut down on the rising costs associated with sourcing electricity from alternative sources.
The Nigerian market portends enormous opportunities for the full utilization and integration of Lastly, these institutions tasked with the safe delivery of the objectives of the REMP should be immune to government change. Rather than having executives whose service is at the pleasure of the executive arm of government, personnel of these institutions should have their employment tenured and constitutionally backed up. This way they would not face repercussions occasioned by a change in government.
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